Abstract-This paper presents the application of using a coaxial monopole sensor for determining and formulating the relationship between the reflection coefficient and the moisture content of tea leaves. A coaxial monopole sensor with operating frequency ranges from 1.35GHz to 1.95GHz was used. The data collections were conducted by using the Vector Network Analyzer. Visual comparison of the results between the actual and predicted gravimetric moisture content are presented. A predictive model is being generated and tested. It is indicated that the monopole sensor has an excellent accuracy of 98.76% and 99.59% in predicting the gravimetric and volumetric moisture content in the sample, respectively. This research has shown that monopole sensor is applicable for the determination of moisture content in tea leaves as an optional sensing technique.
I. INTRODUCTION
In the recent years of technology advancement, the use of sensor technology has been widely accepted by many as a method in industry as well as research facility for determine the contents in samples, especially in this case would be m.c. of the samples. The determination of m.c.in the samples is an important task as it is one of the predominant factors that would affect the quality of the product. Moisture Content detection can be seen as an important assessment in the determination of various food and agricultural product. Moreover, in the past technology advancement, various type of method to determine m.c. has been developed and used. In this project, it is to determine the relationship of the reflection coefficient and the moisture content, m.c. of the tea leaves sample and also to determine the quality of local tea leaves product by using a monopole sensor probe. The operational frequency used in the project would be 1.35 GHz to 1.95 GHz. Also, an indirect analysis which involve in using the gravimetric and volumetric method would be applied to measure the amount of m.c. in the sample.
Monopole sensor is chosen for its high precision advantage as it has high penetration rate that would give a high dynamic range of the reflection coefficient [1] and also smaller in size. In a study done, the monopole antenna was used in the determination of m.c. of Dioscorea hispida tubers. It consists of using a VNA in the measuring of the reflection coefficient while the monopole sensor was inserted into the D.hispida tuber and the tuber is applied with different percentage of moisture. The optimal operation frequency for observing the relationship between the reflection coefficient and the D.hispida tuber was found to be 0.8GHz. Furthermore, it is also stated in this particular research paper that by using oven drying method can assist in the determination of the true m.c. of the samples [1] . Moreover, in one of the research on using microwave sensing technique, a sub-domain method of moment formulation was proposed to model the problem of an open-ended coaxial probe radiating into a metal with surface-braking crack of arbitrary depth profile. Moreover, this unique technique that will be used in the crack detection. The proposed modelling technique will see an arbitrary-shape crack as a series of rectangular waveguides and utilizes the generalized scattering matrix method to obtain the reflection coefficient of the incident field [2] .
In another study done, it describes the accurate determination of the Moisture Contents of Organic soils using the oven drying method. The factors that affect the accurate determination of the moisture content values in organic soils are depends on the temperature that was set on the oven when drying the sample. Moreover, it is also mentioned that a routine moisture test should be conducted to identify the changes in the sample. Furthermore, it is also stated that the true m.c. calculations equal to the potential reduction in the mass of the sample with the evaporation of the waters [3] .Based on another research done, it describes the use of using the microwave free-space technique for the measurement of moisture in the green tea sample. The finding from this paper has mentioned that by using this method has provided m.c. of the tea leaves from approximately 6% to 32% on a dry basis without any prior information on the thickness and the density of the given tea leaves sample.
Furthermore, this method of determine m.c. of the tea leaves has shown minor error in it means and maximum errors, namely 1.2% and 3.7% respectively [4] .
II. METHODOLOGY
The sample will be chosen through the local market and it has been decided to use the brand called "Lipton Tea". In the experiment, a millimeter size open-ended coaxial monopole sensor would be used for measuring the m.c. in tea leaves. The Technique used is based on the theory that when a signal is propagating through the tea leaves, different reflected signal from different m.c. of tea leaves at the terminal surface can be collect when it went through the coaxial opening [5] . Furthermore, a Vector Network Analyzer (VNA) have been chosen to be use in this experiment because VNA has the ability in accurately characterize the components by measuring their effect on the amplitude as well as the phase of it swept frequency. The measurement setup would consist of a personal computer, a coaxial monopole sensor, and the Vector Network Analyzer. 
A. Bulk Density of Tea Leaves
In order to calculate the bulk density, an experiment has been carried out to find the weight and height that will be used in Equation (1) . From the experiment, by using an acrylic container with height of 8cm, the volume of the container, VContainer is calculated as 470. 4 3 cm and by applying the mass of the tea leaves, mTeaLeaves in the container divided with the volume, the bulk density, ρTeaLeaves, is calculated as 0.3102 gcm -3 .
The moisture content for gravimetric and volumetric method can be found from using the Equations below [6] :
. . Vwater and VdTL are the volume of the water and the dried tea leaves, respectively. Therefore, the m.c.v can be calculated by using Equation (3).
B. Oven Drying Method
Before the sample is actually tested for results, it needs to go through oven drying method for dehydration process so that we are able to know the weight of the tea leaves which is before and after it is moist and the weight measurement obtained from here will be used in the Gravimetric and Volumetric method later for m.c. calculations. In a study done, it is know that this approach of heating a sample by using temperature that only vaporize the water content can efficiently capture the sample preweighed absorbent trap [7] . In another study, it is mentioned that the general range of temperature is around to 30°C to 90°C for tea leaves drying [8] .
C. Sample measurement
The sample will be tested by using VNA. The coaxial monopole sensor will be connected to the port 1 of the VNA which is also known as S11. The wave will be propagated across the sample area and the data will be collected and shown on the GUI interface on the VNA. During the experimentation, different moisture will be applied on the tea leaves to get various results that will be plot in the graph for observation and analysis. In the measuring process, a proposed coordinate method will be used in the process of measuring the m.c. of the tea leaves, where the measurement will be taken on each different location which is denoted as (x, y). Moreover, there will be total of 81 dots on the coordinate plate and the sensor will go through each dot as shown in Figure 2 (a) and (b) to collect the required data. In a study done, it is know that in order to obtain the m.c. information out of the sample reflected signal, it is essential to obtain the coordinates of the reflection point [9] . Moreover, it was also mention that the resultant reflection coefficient would be the sum of the co-polar and cross-polar reflection coefficients [9] . 
III. RESULTS AND DISCUSSION
Since the operating frequency range for the monopole sensor is in between 1.35 GHz to 1.95GHz, therefore the sample frequency chosen are 1.35GHz, 1.55GHz, 1.75GHz and 1.95GHz. We did
not include frequency shift in the calculation due to the reasons that we focus solely on its reflection coefficient, S11. Since S11 will be varied according to the variation of moisture applied to the to the tea leaves content. Moreover, by using a monopole sensor, the changes of frequency shifting will not be that visible. From the data collected during the experiment stage, four different predictive model for gravimetric and volumetric has been formulated using the MATLAB software and it would be used on the data collected in experiment 2 to do prediction on the moisture content. Table 1 and Table 2 After comparing the error rate between the two methods, it can be seen that the volumetric method has outperformed the gravimetric method with obtaining the lowest error rate of 0.41% in predicting the m.c. of the tea leaves. However, the volumetric m.c. was obtained by using the formula mentioned in the methodology. Moreover, the bulk density is a type of compressed form of density that reduces the air gaps in the tea leave before taking the measurement and calculating the compressed bulk density. Therefore, the prediction for using volumetric is not recommended, as it will yield less accurate results. Thus, the gravimetric prediction will be applied instead and it is also observed that 1.35GHz is the optimal frequency for detection of m.c. in tea leaves since it has the lowest error rate of 1.24%. By analyzing Figure 3 (a) , (b), (c) and (d), the nonlinear returned loss of the tea leaves were generally separated into two different regions. The first region is the Bound Water (BW) condition where it is between 0% -3% while the Free Water (FW) second region started at 4% -12%. The BW condition appears in the situation where there is a strong bonding among the tea leaves particle which will be used to form the water holding capacity. However, the water bonds will break when the tea leaves are strongly saturated and FW condition will happen. Moreover, since the data was collect from the same sample, thus the water holding capacity is the same.
As the microwave from the monopole sensor propagated through the samples, the tea leaves particle that have the lower permittivity will not absorb the signal. However, the signal will be absorbed by the water instead and this would cause an energy loss, which in terms is the returned loss from the sample and it is the data that is collected from the experiment. From observation on the returned loss with the increase of m.c. in the sample, there is a significant increase in S11 as m.c. increases. Figure 4 (a), (b), (c), (d) are the actual gravimetric m.c. versus predicted m.c. of the tea leave, where the predicted moisture content is obtained from using the prediction model and the actual moisture content is obtained from measurement done in the laboratory. From the graph, it can be observed that sample frequency of 1.35GHz show the best fitting with the linear line, which it also can be concluded that the optimal frequency is at 1.35GHz.
Based on the data collected, there has been differences in the results from analyzing it in the MATLAB program. This might be due to the different in temperature for both the material lab and the Radiofrequency laboratory, it will have significant effect on the tea leaves moisture value and might affect the measurement.
IV. CONCLUSION
In conclusion, this research paper has proven the relationship of the reflection coefficient and the moisture content of tea leaves. Two moisture calculation techniques, namely gravimetric and volumetric, were used in the formulation for the prediction model. Based on the results, it indicated that using monopole sensor for the determination of moisture content has yield excellent accuracy. Furthermore, future work regarding the research topic is still possible. One apparent parameter that still can be investigated is by using a different type of tea leaves as sample and compare both accuracy to determine whether the model can be made possible for general usage. Moreover, a system can be developed to help determine the best moisture content when applying the prediction model.
